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The following r e p o r t c o n t a i n s an a n a l y s i s of t h e l i f e s a v i n g b e n e f i t s r e s u l t i n g from t h e 55 mph N?lSL from [1974] [1975] [1976] [1977] [1978] [1979] 
. Monthly f a t a l i t y d a t a from 1970-1979 was used i n a time s e r i e s model t o a r r i v e a t t h e e s t i m a t e d s a f e t y b e n e f i t s ( l i v e s saved). The time s e r i e s model r e l a t e s changes i n monthly f a t a l i t i e s t o changes i n monthly v e h i c l e m i l e s t r a v e l e d , i n t r o d u c t i o n of s a f e t y improvements and t h e implementation of t h e 55 mph NMSL law. I n c r e a s e s i n highway f a t a l i t i e s i n 1976-1979 compared t o t h e 1974-1975 l e v e l l e d t o a d e t a i l e d examination and a n a l y s i s of t h e composition of t h e s e f a t a l i t i e s i n o r d e r t o determine p o s s i b l e c a u s e s f o r t h e i n c r e a s e s . Based upon t h e a v a i l a b l e d a t a , i t was concluded t h a t 55 mph compliance had eroded somewhat i n 1977 and 1978 t h u s r e s u l t i n g i n some f a t a l i t y i n c r e a s e s . The s t a t i s t i c a l time s e r i e s model e s t i m a t e d annual l i f e saving b e n e f i t s a s follows:
LIVES SAVED I i 1974 I i 7,532 1975 I i 7,532 1976 I i 7,216 1977 I i 6,794 e 1978 I i 6,423 1979 rru Irk' r m k
L HI h m h l
A great many reasons have been gut f o r t h i n attempting t o explain the dramatic reduction i n highway f a t a l i t i e s ohserved t o have begun i n January 1974, the o f f i c i a1 date o f the imposition of the 55 mph National Raximum Speed L i m i t (NMSL). The t r a f f i c s a f e t y l i t e r a t u r e contains a wide range o f c o n f l i c t i n g views as t o the causal factors and magnitudes o f these reductions i n highway f a t a l i t i e s . These views range from the e n t i r e reduction t o half of the reduction i n highway f a t a l i t i e s being a t t r i b u t a b l e t o the lower speeds. A recent National Safety Council r e p o r t 11 claims t h a t "reduced speeds s t i l l are a major factor i n keeping down the dezth t o t a l , accounting for 44 percent o f the difference between actual and expected t o t a l s f o r 1977. I n numerical terms, there would have been 5,550 additional deaths i n 1977, i f there had been no 55 mph laws, and consequently no reduced speeds .I8
The f o l l o w i n g report contains an analysis o f the l i f e saving benefits r e s u l t i n g from the 55 mph NMSL from [1974] [1975] [1976] [1977] [1978] [1979] . Monthly f a t a l i t y data from [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] was used i n a time series model t o a r r i v e a t the estimated safety benefits ( 1 ives saved). The time series model r e l a t e s chanqes i n monthly f a t a l i t i e s t o changes i n monthly vehicle miles traveled, i n t r o d u c t i o n of safety improvements and the implementation of the 55 mph NMSL law.
Increases i n highway f a t a l i t i e s i n 1976-1979 compared t o the 1974-1975 l e v e l led t o a detailed examination and analysis of the composition o f these f a t a l i t i e s i n order t o determine possible causes f o r the increases. Based upon the available data, i t was concluded t h a t 55 mph compliance had eroded somewhat i n 1977 and 1978 thus r e s u l t i n g i n some f a t a l i t y increases.
The s t a t i s t i c a l time series model estimated annual l i f e saving b e n e f i t s as follows:
LIVES SAVED
THE EFFECTIVEMESS OF THE 55 HPH NATIONAL W I M SPEED LIMIT AS A LIFE SAVIS BENEFIT I n t r o d u c t i o n
S i x years have elapsed since the passage of the 55 mph NMSL. A large number o f studies regarding both the f u e l saving and safety benefits o f t h i s law have been published. A review o f the t r a f f i c safety l i t e r a t u r e reveals (1) a great v a r i a t i o n i n t h e estimated safety benefits of t h e 55 mph NMSL, and ( 2 ) a lack o f national l e v e l evaluations covering the t o t a l period since implementation.
Tlis National Highway T r a f f i c Safety Administration (NHTSA) s t r o n g l y supports the 55 rnph NMSL and believes t h a t i t i s one o f the most e f f e c t i v e countermeasures t o have been used i n reducing highway f a t a l i t i e s . I n a memorandum by Joan Claybrook, NHTSA Administrator, dated J u l y 6, 1977, l i f e savings r e s u l t i n g from the 55 mph NMSL were estimated t o be between 4,000 and 5,000 per year based upon analyses up t o t h a t time. I n October 1979, an NHTSA/FHWA Task Force was established t o review a l l previous studies o f the safety b e n e f i t s o f the 55 mph NMSL and develop a technical r e p o r t i n d i c a t i n g a consensus o f the safety benefits. Due t o the lack o f v a l i d updated studies, and differences of opinion among task force members, o n l y a survey r e p o r t containing a range o f l i f e saving estimates was released. It i s s t r o n g l y f e l t by the authors o f t h i s paper, t h a t the safety b e n e f i t s of t h e 55 mph NMSL have been underestirnated and i t i s the purpose o f t h i s paper t o present the authors' views and conclusions.
The Nature o f Speed Any analysis of the effectiveness o f a national speed reduction program such as the 55 mph NMSL should be accompanied by a discussion o f t h e nature o f speed and why one should expect reductions i n f a t a l i t i e s and serious i n j u r i e s res u! t ing from a reduction i n speed.
The t r a f f i c safety l i t e r a t u r e i s r e p l e t e w i t h s t a t i s t i c a l analyses o f the e f f e c t of speed and speed changes on accidents and i n j u r i e s . A most widely c i t e d study conducted by Solomon -2/ indicates that:
Accident s e v e r i t y increased as speed increased, e s p e c i a l l y a t speeds exceeding 60 mph.
o The f a t a l i t y r a t e was highest a t very high speeds and lowest a t about t h e average speed.
o The accident involvement r a t e and the i n j u r y and property damage rates were highest a t very low speeds, lowest a t about the average speed o f a l l t r a f f i c and increased a t the very high speeds, p a r t i c u l a r l y a t night. Thus, the greater t h e v a r i a t i o n i n speed o f any vehicle from the average speed o f a l l t r a f f i c , the greater i t s chances o f being involved i n an accident. 3ne can concl~jde t h a t as speed increases from the average speed, accident involvement r a t e s and s e v e r i t y of i n j u r i e s increase. Why does t h i s occur? What f a c t o r s i n the speedhafety r e l a t i o n s h i p cause these events t o take place? The simplest element of the speed/safety r e l a t i o n s h i p which can be i s o l a t e d i s the concept of the d i s s i p a t i o n o f k i n e t i c energy r e s u l t i n g from an accident. Energy i s calculated using the vehicle mass, a constant and the soeed of the vehicle, a variable under the control of the d r i v e r .
Wadsworth 3/ defines a motor vehicle accident as an unwanted r a t e o f exchange o f kinetic-energy qiven by the f o l l o w i n g formula: K i n e t i c Energy = 4 Mass x Any increase i n speed ( v e l o c i t y ) increases the k i n e t i c eneray t o be dissipated by the squaw o f t h a t v e l o c i t y rather than the v e l o c i t y i t s e l f . For example, a 20 percent increase i n speed from 50 t o 60 mph w i l l r e s u l t i n a 44 percent increase i n k i n e t i c ener9.y t o be dissipated, thereby increasing the s e v e r i t y o f accidents and associated i n j u r i e s .
For any given instant o f time, t r a f f i c flow.on a segment o f road can be described by a t l e a s t two important s t a t i s t i c a l measures: t h e mean o r averaqe speed and v a r i a t i o n i n speed, usually expressed by the standard deviation of the speed d i s t r i b u t i o n . Solomon showed e m p i r i c a l l y t h a t the qreater t h e v a r i a t i o n i n speed from the average speed o f a l l t r a f f i c , the greater the chance o f being involved i n an accident, hence a higher accident involvement rate. R. Michaels 4/ showed t h a t both accident involvement r a t e s as well as i n j u r y and f a t a l i t y -r a t e s vary d i r e c t l y w i t h changes i n t h e standard deviation o f t r a v e l speeds. As one approaches the average speed, the accident involvement r a t e s are minimized.
E. Hauer 51 concluded t h a t there i s a very stronq c o r r e l a t i o n between Solomon's involveme?it r a t e curves and the number o f passive and a c t i v e overtakings by passing and passed vehicles. Based upon a mathematical formulation, he concludes t h a t the number o f overtakings i s minimal when vehicles t r a v e l a t the median speed*. As a vehicle departs from the median speed i n e i t h e r d i r e c t i o n , i t i s e i t h e r overtaken by or i t overtakes other vehicles. The greater the departure, the greater the number o f overtakings. The most import a n t consideration however, i s t h a t overtakings vary d i r e c t l y v i t h the mafrni tude o f the deviations from the median speed, which i n t u r n leads t o vehicle c o n f l i c t s r e s u l t i n g i n increased accident involvement rates.
Empirically, there i s very strong evidence t h a t as the average speed decreases, a corresponding decrease i n t h e standard d e v i a t i o n i s noted. I n an analysis conducted by C e r e l l i 6/, a reduction i n the standard deviation o f vehicle speeds was noted on a11 major r u r a l highway systems a f t e r t h e 55 mph NMSL was imposed. This was accomplished by g r e a t l y reducing the number o f vehicles t r a v e l i n g a t higher speeds thereby compressing speeds toward a lower average speed. Although there i s m a n a l y t i c or t h e o r e t i c a l basis f o r p r e d i c t i n g the reduction i n speed v a r i a t i o n r e s u l t i n g from a reduction i n average speed, * Ihe median speed i s defined as t h a t speed a t which half o f the d r i v e r s are t r a v e l i n g above and half are t r a v e l i n g below.
i t can be shown e m p i r i c a l l y t h a t t h e r e s u l t i n g compression o f higher speeds r e s u l t s i n a smaller standard deviation and hence less dispersion among the i n d i v i d u a l vehicle speeds. Less speed v a r i a t i o n i n t u r n r e s u l t s i n a smaller number o f overtakings which decreases the probabil it i e s of crash involvement.
In sumnary, based upon the evidence, i t can be argued t h a t lower, uniform speeds, acceptable t o the pub1 i c and properly enforced, produce lower accident involvement rates. I n addition, lower speeds also r e s u l t i n less severe i n j u r i e s i n the event of an accident.
A National Experiment
Since the imposition o f the 55 mph NMSL, the motor vehicle d r i v i n q public has had s i x years t o modify i t s d r i v i n g behavior i n keeping w i t h the l e t t e r or s p i r i t o f the 55 mph NMSL. If any modification o f t h i s behavior has taken place, i t should bc evident i n the accident s t a t i s t i c s c o l l e c t e d during t h i s time frame. Based upon the previous speed discussion, one should expect t o observe national reductions i n accidents, f a t a l i t i e s and i n j u r i e s on those roads affected by the 55 mph NMSL, along w i t h reductions i n speed.
One can view t h i s as a simple pre/post experiment comparing accident s t a t i s t i c s before and a f t e r the imposition o f the law f o r s i g n i f i c a n t changes i n accident jevels. However, many events took place during t h e s i x .year period which precludes one from performing a s i m p l i s t i c analysis o f speed reduction e f f e c t i v eness. S p e c i f i c a l l y , highway, vehicle and d r i v e r improvements are c o n t i n u a l l y being introduced i n small increments and must be accounted for. S u f f i c i e n t l y large changes i n the amount o f t r a v e l as measured by vehicle miles traveled (VMT) have taken place over the period t o be considered an important f a c t o r . From 1970 From -1979 , VMT increased over 33.5% (from 11,181 t o 14,931 hundred m i l l i o n miles). From 1976 on, over h a l f o f the States repealed t h e i r mandatory motorcycle helmet laws r e s u l t i n g i n a decrease i n helmet use and an increase i n the frequency of f a t a l head i n j u r i e s 7/. The mix of vehicle size has been s t e a d i l y changing from the larger f u l l size cars down t o t h e compact and sub-compact sizes thereby increasing the p o t e n t i a l f o r increased s e v e r i t y o f i n j u r y . Smaller cars o f f e r less protection i n t h a t t h e k i n e t i c energy dissipation takes place over a smal l e r surface. Theref ore, greater c o l l apse and higher i n j u r y s e v e r i t y can be expected. Also, some analysts claim t h a t the recession o f 1975 has had s i g n i f i c a n t impact i n reducing f a t a l i t i e s during t h i s period 8/. I n addition t o these confounding factors, accident data i s not avail able f o r 55 mph versus non-55 mph roads during the pre and post eval u a t i on periods. Evaluation Approach A s t a t i s t i c a l approach using time series analysis 9/ was selected t o derive an impact estimate of t h e 55 nph NMSL as a l i f e saying b e n e f i t . The p e r i o d c~v e r e d i s the 1970 through 1979 time frame using national monthly f a t a l i t i e s as the impact measure. The approach taken i s t o evaluate t h e baseline f a t a l i t y l e v e l (non-55 rnph period) for 1970 through 1973 and compare i t t o the 1974 through 1979 f a t a l i t y l e v e l (55 mph period) considering the confounding f a c t o r s previously mentioned. The ultimate r e s u l t w i l l be the development o f a s t a t i s t ical evaluation model which contains a l l o f t h e f a c t o r s considered t o s i g n i f ic a n t l y a f f e c t f a t a l i t i e s f o r the ten year period 1970 through 1979 t o determine the steady s t s t e or averase chanae a t t r i b u t a b l e t o the 55 mph NMSL. Further d e t a i l e d analysis w i l l be performed on t h e 1975 through 1979 data t o adjust the steady state change due t o the change i n the degree of 55 mph noncompliance which may have taken place during t h i s time frame. The s t a t i s t i c a l model consists o f a mathematical r e l a t i o n s h i p which excresses the degree t o which the safety index, vehicle miles traveled (a measure o f the volume of t r a v e l a c t i v i t y ) and the presence o f the reduced speed l i m i t , a f f e c t s monthly f a t a l i t i e s during the nine year period from January 1970 -December 1979. A l e a s t squares s t a t i s t i c a l technique known as Box-Tiao I n t e r v e n t i o n Analysis 10/ was u t i l i z e d f o r the m u l t i v a r i a t e analysis t o minimize the v a r i a t i o n betweenfFie model and actual data. The mathematical expression known as t h e transfer function r e l a t e s the time series VMT, speed, and s a f e t y index t o f a t a l i t i e s .
One o f the problems associated w i t h the analysis o f time series accident data (data c o l l e c t e d over equal time i n t e r v a l s ) i s t h a t t h e data tends t o be dependent. This means t h a t each paint could be c o r r e l a t e d w i t h previous data points. For example, seasonality and trends i n t h e data represent dependence or autocorrelation. I n the case o f 12-month seasonality, each data p o i n t i s r e l a t e d t o a data p o i n t occurring 12 months previously. High and low accident volumes occur during various months o f the year, which cause a seasonal pattern. Trends a1 so represent dependence and autocorrel a t i o n i n t h a t the data points i n an upward trend f o r each month are generally numeric a l l y larger than the previous month. Therefore, each month's accidents can be expressed as a function o f the previous month's accidents. Data dependence or autocorrelation must be accounted for before any meaningful analysis can be conducted. The Box-Jenkins Time Series Analyses 9/ approach has been used t o determine t h e time series parameters and t h e tra?isfer f u n c t i o n estimates. This technique i s a generalization o f the l i n e a r regression model:
where the basic assumption t h a t the covariance ( e ,e ) = 0 f o r i f j represents a severe c o n s t r a i n t f o r a p p l i c a t i o n t o t r a f f i c a c l i d 4 n t data due t o f a c t o r s such as seasonal ity. The Sox-Jenki ns technique re1 i e s h e a v i l y on the autocorrel a t i o n f u n c t i o n (ACF) f o r t h e i d e n t i f i c a t i o n of t h e c o r r e l a t i o n (normalized covariance) structure; and permits the parsimonious use o f time series parameters t o account f o r t h i s dependence. Parsimony i s t h e p r a c t i c e o f using t h e l e a s t possible number of parameters for adequate representation.
Design Approach
An ideal design approach for the evaluation model would produce a measure o f the change i n the f a t a l and i n j u r y accident l e v e l s before vs. a f t e r t h e imposition o f the 55 mph NMSL on two sets o f roads: those roads whose speed l i m i t s were reduced t o 55 mph versus those roads whose speed 1 i m i t remained unchanged, f o r the period 1970 through 1979. A comparison of the changes i n l e v e l would then lead one t o conclude whether t h e 55 mph NMSL was an e f f e ct i v e l i f e saving countermeasure. Since t h i s design must be t r e a t e d as a ----q~asi-experimental design, i.e., one i n which the sampling u n i t s beinq measured are lli~tselected a t random, a mu1 t i p l e time series desian i s most s u i t e d f c r controll'na against a11 threats t o i n t e r n a l v a l i d i t y 111. I n a m u l t i p l e t i m p ser ies design, two or more time ser i c s are examined =fore and a f t e r some i n t e r v e n t i o n p o i n t (imposition o f t h e 55 mph NMSL) t o determine i f a chznqe i r trend or a change i n the l e v e l o f f a t a l i t i e s has occurred i n the ex?e.!rnenta: t i m e series without a corresponding change i n a comparison series. I f 5 0 , cne car then conclude w i t h some s t a t i s t i c a l confidence t h a t the change was due t o tne i n t e r v e n t i o n effect, provided the i n t e r v e n t i o n was the o n l y e f f e c t beainning i n 1974 and continrrinq through the e n t i r e time period.
This approach has been successfully applied t o the analysis o f State f a t a1it.v data, where the data could be segregated by posted speed l i m i t 12,13/. However, i a t h i s case, since f a t a l i t i e s could not he separated b y s t e e speed l ' v i t roa+, t o t a l f a t a l i t i e s were used as the impact measure. The assumption i s t h a t if any impact resulted from t h e imposition o f t h e 55 mph NVSi, ;t wt~uld oe r e f l e c t e d as a change i n the l e v e l o f f a t a l i t i e s nn 55 mph posted roads which are embedded i n t o t a l f a t a l i t i e s . I n addition, due t o the lack of monthly i n j u r y accident data, i t was not possihle t o measure t.lw effect of the 55 mph NMSL on the i n j u r y accident l e v e l .
Evo?utim o f the 55 WH Evaluation Uodel
!n the development o f a s t a t i s t i c a l model, an impact measure i s selected rfh'cb r e f l e c t s the ultimate measure o f the process or svstem beinq evaluated. I f i p g t measures or explanatory variables are selected which l o q i c a l l y a f f e c t the impact measure. The s t a t i s t i c a l analysis generates the r e l a t i o n s h i p s between the explanatory variables and the impact measure. The goal i s t o e x p l a i n as mi zh of the v a r i a t i o n i n the impact measure using the l e a s t nunber o f l o g i c a l 1.y r e l a t e d explanatory variables.
The purpose o f t h i s p a r t o f the analysis was t o derive an evaluation model which y i e l d s an estimate o f the l i f e saving b e n e f i t s a t t r i b u t a b l e t o t h e 55 mph NMSL. The f i n a l model should r e l a t e f a t a l i t i e s t o f a c t o r s a f f e c t i n g f a t a l l t i e s over time. The f i r s t step i n t h e process was t o develop a u n i v a r iate model f o r f a t a l i t i e s which i s based s o l e l y on i t s awn past h i s t o r y . The u n i v a r i a t e model can only be used t o forecast future a c t i v i t y based e n t i r e l y on the past; i t cannot r e l a t e the e f f e c t o f one v a r i a b l e t o another. However, the analyst gains a b e t t e r understanding o f the time s e r i e s c h a r a c t e r i s t i c s o f f z t a l i t i e s from the rleconposition o f the raw data. Figure 1 i s a araph o f monthly f a t a l i t i e s w i t h i t s 12 month moving average. The nondecaying sinusoidal wave pattern, w i t h a period o f 12 time lags (months) i s c h a r a c t e r i s t i c o f t h e seasonal p a t t e r n evident i n Figure 1 . The series i s n o n s t a t i o n a r p i n t h a t there appears t o be a sustained high c o r r e l a t i o n w i t h previous observations at, f o r example, 12 month i n t e r v a l s ( i .e., observat i o n s a t tinbe period t are correlated w i t h time periods t-12, t-24, t-36, etc. ) . This n o n s t a t i o n a r i t y was eliminated by performi ng a 12 month seasonal difference o f the f a t a l i t y data: producing the series depicted i n Figure The seasonal pattern has disappeared from the series, as expected fa1 though high correlation s t i l l exists at l a g 12, but not lags 24, 36, etc.). This slowly decaying ACF, which indicates a high degree o f s e r i a l correlation, resul t c mostly from the large negative deviations during '74-'73, and suggests a change i rl evel i n t h i s series. This can be accounted f o r i n e i t h e r one o f two ways:
( 1j a regular difference o f the already seasonally differenced series; o r ( 2 ) through the introduction o f exogenous (external ) variables i n the form of a mu1 t i v a r i a t e analysis.
For the univar i a t e analysis, a regular difference was taken producing the series i n Figure 5 
FIGURE 6
Graph Of A utocorrebtion Fmctkn (7-B)(7-B 12)Y, S i g n i f i c a n t correlations (spikes) appear a t lags 1 and 12, but i n general, the ACF i s zero elsewhere, w i t h no discernible pattern. A t t h i s point, a t e n t a t i v e model was postulated which accounted for t h e spikes a t time periods 1 and 12.
where Usi nq a least squares procedure, the parameters o f the model were estimated as follows:
The numbers i n parentheses below ( o r above) t h e equation represent standard errors o f the estimate. This convention w i l l be used throughout the paper. Diagnostic checks appl ied t o the residual series revealed no model inadequacies, thus t h i s was the f i n a l univariate model f o r monthly f a t a l i t i e s .
I n the next phase of model development, an explanatory variable f o r the e f f e c t of the 55 mph NMSL was introduced as an intervention variable i n the form o f zeros and ones t o represent the absence o r presence o f t h e 55 mph NMSL respectively. The purpose of the intervention variahle was t o detect e i t h e r a change i n trend or a change i n l e v e l o f f a t a l i t i e s occurring from November 1973 through December 1979. The e f f e c t o f t h i s intervention variable (SPEED) contains the sun t o t a l of a l l o f the e f f e c t s associated w i t h t h e implementation o f the 55 rnph NVSL, m.,the e f f e c t due t o enforcement, public information and education,. etc., and not s o l e l y t h e e f f e c t of posted speed l i m i t signs. The months i n which the 55 mph speed l i m i t became e f f e c t i v e i n each State can be seen i n As can been seen, not a1 1 States reduced t h e i r maximum speed l i m i t s t o 55 mph i n the same month. Therefore, November 1973 was selected as the f i r s t date o f intervention nationally. The dummy v a r i a b l e SPEED (Xt) i s a step function characterized by:
Since the ultimate goal of the analysis was t o r e l a t e the i n t e r v e n t i o n v a r i a b l e X t o f a t a l i t i e s and since the f a t a l i t y series must be seasonally differenced tb'induce s t a t i o n a r i t y , the f o l l o w i n g model was hypothesized:
where : Yt = f a t a l i t i e s i n month t A There can be no doubt t h a t equation (6) [1970] [1971] [1972] [1973] , f a t a l i t i e s were i n a s t a t e o f e q u i l i b r i u m (growing at an average r a t e of 700 f a t a l i t i e s per year, o r 1.33%). I n November 1973, the process was loshocked" by some i n t e r v e n t i o n r e s u l t i n g i n a change t o a new but lower level. During 1974 During -1976 , f a t a l i t i e s remained a t t h i s lower l e v e l i n a state o f equilibrium 145,196 --44,525 --45,523) . Therefore, regardless o f t h e f a c t o r s influencing f a t a l i t i e s , such as increased exposure due t o increased vehicle miles traveled and the increase i n r e l a t i v e safety, the process was transformed from one s t a t e o f e q u i l i b r i u m t o ' another, b u t a t a much lower level.
The model represented by equation (6) does not r e f l e c t changes i n exposure l e v e l s as measured by vehicle miles traveled (VMT) nor does i t d i r e c t l y account f o r the e f f e c t o f the fuel shortage o f 1973-1974. Since d i f f e r e n t regions o f the country experienced fuel shortages a t d i f f e r e n t time periods w i t h varying degrees, e x p l i c i t m d e l representation was considered unlikely. However, i t was f e l t t h a t t h e i n t r o d u c t i o n o f t h e VMT v a r i a b l e i n t h e model would account for changes i n expnsure nation all.^, i n c l u d i n a the changes r e s u l ti n g from the f u e l shortage. VMT data i s generated by t h e States using motor vehicle gasoline revenue and consum~tion data and then supplied t o the Federal Highway Administrati on (FHWA). Although not a1 1 States fcT1-w a uniform procedure i n d e r i v i n g these estimates, the data i s assumeu LO 3e c o n s i s t e r t between years.
Therefore (1) Reduction i n travel, which started i n July 1973, continued through November 1974, and averaged 2.6 percent f o r the year.
( 2 ) The reduction was oreater i n main r u r a l than i n urhan and local r u r a l areas.
( 3 ) The reduction was more severe during the months o f January through March, w i t h a peak i n February o f 8.5 percent."
I t i s also worth noting the s i m i l a r i t y between the seasonally differenced
VMT series and the seasonally differenced f a t a l i t y series during '740' 73.
(Figures 3 and 9)
The f i n a l univariate model dorsved from the VMT series was:
The use o f VMT as an independent variable appears j u s t
i f i e d both from an exposure point o f view and a b i l i t y t o account f o r f u e l shortages. This was further supported when the cmsscorrelation w i t h f a t a l i t i e s which yielded a s t a t i s t i c a l l y s i g n i f i c a n t spike a t lag zero o f .46 (approximate standard error o f .11). A transfer function/interventi on model usinq f a t a l i t i e s as a function of VMT and SPEED, i s depicted i n equation (9):
The estimate of 1 ives saved due t o t h e 55 mph NMSL rose from 687 Figure  10 , a forecast o f f a t a l i t i e s as a function o f VMT only.
(equation ( ' 6 ) ) t o 866. A close investigation o f the implications o f t h i s model w i l l explain how t h i s change came about. Equation (9) explains f a t a l i t i e s as a function o f vehicle miles traveled, an intervention variable f o r speed l i m i t and time series characteristics . As mentioned e a r l i e r , VMT i s a pred~minan t 1y increasing series. Thus the implication i s t h a t f a t a l i t i e s should also be increasing due t o increased exposure. This i s graphically portrayed i n
FIGURE 10
Forecast Of Fataliths As A Firnctbn W VMT
The c o e f f i c i e n t (2.41) f o r VMT i n equation (9) can be considered as a f a t a l i t y r a t e f o r the 1970-79 time period. For every change o f 100 m i l l i o n vehicle miles traveled on the average a change o f 2.41 f a t a l i t i e s can be expected.
However, because t h i s f a t a l i t y r a t e i s calculated as a constant, i t does not consider the declining f a t a l i t y r a t e t h a t a c t u a l l y occurred and therefoiae, overstated the number o f f a t a l i t i e s due t o exposure o r VMT. The speed l i m i t dumny variable operates i n a decrimenting manner such t h a t the greater the number o f f a t a l i t i e s generated by the constant f a t a l i t y rate, t h e greater the negative e f f e c t would be evidenced by the speed l i m i t dumny variable. As a r e s u l t o f t h e VMT constant, a higher negative c o e f f i c i e n t was calculated t o counteract the overstated expected f a t a l i t i e s due t o increasing VMT which l e d t o an overstatement o f 55 mph NMSL impact.
This observation l e d t o the conclusion t h a t the model w i t h both VMT and SPEED was not adequate i n explaining the behavior o f f a t a l i t i e s .
As a r e s u l t of the establishment o f the U.S. Department o f Transportation, automotive safety standards, d r i v e r education and t r a i n i n g programs, highway design and construction improvements have had a very p o s i t i v e impact on the q u a l i t y of travel i n terms of safety.
When one observes a s t e a d i l y d e c l i n i n g f a t a l i t y r a t e ( f a t a l i t i e s / l O O m i l l i o n VMT) since 1968, i t i s reasonable t o conclude t h a t the introduction o f these factors has contributed t o t h i s decline. A t h i r d variable was introduced t o account for the d i f f e r e n t i a l changes between
VMT and f a t a l i t i e s . This variable represents a measure o f safety. An increase i n VMT, acconpanied by no change i n f a t a l i t i e s w i l l cause a reduction i n . the f a t a l i t y r a t e per hundred m i l l i o n VMT, i.e., an increase i n safety. Figure 11 i s a graph of VMT and f a t a l i t i e s , indexed w i t h 1967 as the base.
Figure 11
Fa talities and Vehicle Miles Truvehd (1967 = 1.00)
Years
The shaded -area from 1967 through 1973 represents the qrowth i n VMT over and above the growth i n f a t a l i t i e s , i.e.,
f a t a l i t i e s f o r e s t a l l e d due t o an increase f~ r e l a t i v e safety on the nation's roads (lower p r o b a b i l i t y of a f a t a l i t y per given VMT). I n 1974, the l a r g e reduction i n f a t a l i t i e s occurred independent from t h e increased safety on t h e roads. To i l l u s t r a t e t h i s p o i n t , a f a t a l i t y index p r o j e c t i o n i s shown i n Figure 11. I t should be noted t h a t the area between t h e VMT index and t h e f a t a l i t y p r o j e c t i o n index ( s a f e t .~) was s t i l l increasing through the l a t e 1970's. C r i t i c s o f the 55 mph NMSL have proposed t h a t up t o 50% o f the f a t a l i t y reduction i n 1974 should be a t t r i b u t e d t o increased safety i n the areas of motor vehicle and highway improvements. This does not follow from Fiqure 11. F i g u r e 11 seems t o suggest t h a t most ifnot a l l o f the reduction i n f a t a l i t i e s beginning i n 1974 should be a t t r i b u t e d t o reduced exposure (VMT) i n 1974 and t h e 55 mph NMSL. I n a d d i t i o n the safety e f f e c t was s t i l l increasing. I n order t o account f o r t h i s s a f e t y effect, a t h i r d independent variable i n t h e form o f the f a t a l i t y r a t e was introduced. A major problem w i t h using the f a t a l i t y r a t e as a SAFETY INDEX was t h a t i t also included a change t o a lower level, presumably caused
by the 55 mph NMSL.
FIGURE 12
FataRy Rate Per Hundred Million VMT (With 12 Month Moving A m p )
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This change i n l e v e l and an i n t e r r u p t i o n o f the smooth downward trend o f the f a t a l i t y r a t e can be seen i n Figure 12 . The 12 month differenced series i s depicted i n Figure 13 , w i t h the now f a m i l i a r p a t t e r n o f negative deviations durinq '74-'73. This was presumed t o r e s u l t from t o the 55 mph NMSL, since the series has already been normal ized f o r exposure (mi leage) . An intervention model was developed f o r the f a t a l i t y rate/speed l i m i t relationship, t o determine the necessary adjustment t o be made for the change i n level due t o SPEED.
The reduction i n the f a t a l i t y r a t e i n 1974, beyond the expected trend, was estimated t o be .575. This estimate (.575) was added t o each observation i n the f a t a l i t y rate series beginning i n November 1973, t o a r r i v e a t .an adjusted f a t a l i t y rate called SAFETY f o r the t o t a l period [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] . An analysis o f f a t a l i t i e s was conducted using data from the Fatal Accident Reporting System (FARS) i n an e f f o r t t o adjust the steady state estimates f o r the e f f e c t of the 55 mph NMSL derived i n the previous section evaluation model. The reporting o f the variable posted speed l i m i t was not 100% complete as can be seen i n Table 3 .
TABLE 3
It i s evident t h a t the percent o f known posted speed l i m i t f a t a l i t i e s has been increasing over the years. For the purpose of t h i s analysis, the unknown f a t a l i t i e s were r e d i s t r i b u t e d i n t o posted speed 1i m i t categories based on the d i s t r i b u t i o n o f the 80-88 percent known f a t a l i t i e s r e s u l t i n g i n a twoby-two t a b l e .
The determi nation o f speeding involvement i n a f a t a l it y presented somewhat o f a d i f f e r e n t problem. The s e l e c t i o n process was based upon three data elements reported t o FARS:
(1) Posted speed l i m i t ,
( 2 ) Pre-crash t r a v e l i n g speed, and
( 3 ) Too fast for conditions.*
If the pre-crash t r a v e l i n g speed o f any vehicle i n a f a t a l accident exceeded the posted speed l i m i t by a t l e a s t 5 mph, those f a t a l i t i e s were defined t o be speeding involved. I n the absence o f e i t h e r posted or t r a v e l i n g speed, too f a s t f o r conditions was the determining factor. Tables 4A through 4E depict the output from the algorithm. ----0------------*--.--...*..-.-.--+ -----------------*--------+---.----*------- 
TABLE 4A FATALITIES VS. POSTED SPEED LIMIT AND SPEEDING INVOLVEKNT 1975 S P D I I Y V O L P O S T E D
' L E S S t n r ! s s n r w ~O!UMKMOUN ! 
2 3 7 5 7 5 9 0 4 5 1 0 2 3 6 1 -8 7 6 11.57 100m00
Several observations are worth noting:
(1) The percent o f speeding involved f a t a l i t i e s f o r a l l posted speed l i m i t s has remained r e l a t i v e ' y constant across t h e years (31.96 --32.30 --33.09 --37.37 --32.46); ( 2 ) The same i s t r u e f o r percent speeding involved w i t h i n 55 and l e s s than 55 posted roads; and ( 3 ) The pel-cent unknown posted speed l i m i t has been g r a d u a l l y d e c l i n i n g .
The Table 5 .
TABLE 5
F a t a l i t i e s the to speeding involvenent by posted speed l i m i t
Nm-55
Change -55
Change Using the estimate for l i v e s raved due t o the 55 rnph NMSL i n formula (lo), 627 .65, y i e l d s an annual reduction of approximately 7,532 l i v e s saved per year. This estimate can be adjusted by using the f a t a l i t y changes on 55 rnph roads from Table 5 fop 1976-1979 t o a r r i v e a t the benefits i n Table 6 below.
TABLE 6 Lives saved due to 55 lnph mSL I t should be noted that no reductions t o the 55 rnph impact should be made t o account f o r f a t a l i t y increases either on roads posted less than 55 rnph or on 55 rnph roads where speeding was not a contributing factor. Therefore, f o r the s i x year period 1974-1979, almost 42,000 l i v e s have been saved due t o the slower, more uniform speeds r e s u l t i n g from the 55 mph NMSL.
Analvsis o f S~e d and SD Chanaes
Adjustment to model estimates f o r changes i n noncompliance were derived by analyzing changes i n speeding involvement i n f a t a l accidents. I n ordcr t o corroborate gbse estimates, speed data was analyzed. When the 55 rnph NMSL was imposed,d$ls e f f e c t should have been reflected i n the speed s t a t i s t i c s derived fm&;fbc FHMA speed monitoring system. This system's data was used t o analyze f e s e speed changes over time. Annual speed c e r t i f i c a t i o n data for FY 1968-1979 was obtained. The average speed and 85th percentile speed f o r the U.S. were used t o determine:
1.
I f a considerable reduction i n speed occurred timely t o the imposition o f the 55 mph NMSL; and
2.
I f any changes i n speeds can be shown f o r 1976-1979, coinciding with changes i n f a t a l i t f e s / f a t a l i t y rate.
These two determinations, t i e d t o comparable trends i n f a t a l i ties, i n j u r i e s , f a t a l i t y r a t e s and i n j u r y rates serve as a average speed 8 5 t h p e r c e n t i l e speed t o t a l f a t a l i t i e s t o t a l i n j u r i e s i n j u r y r a t e I n t e r s t a t e f a t a l i t i e s I n t e r s t a t e i n j u r i e s I n t e r s t a t e f a t a l i t y rates I n t e r s t a t e i n j u r y r a t e
The rates i n Table 7 I n order to make the speed data trends comparable t o the trends f o r f a t a l i t i e s and i n j u r i e s , indices were calculated using 1973 as t h e base year (100) t o r e f l e c t changes o f the pre-and post-period imposition o f the 55 mph NMSL. Table 7 shows the data adjusted t o r e f l e c t 1973 as t h e base year along w i t h the o r i g i n a l data.
Based on Table 7 data, the f o l l o w i n g observations can be made:
c Pvorage cpeeds, in;, -& " -speeds, t?r I. ,. r C a t a l i t y r a t e and t h e I n t e r s t a t e f a t a l i t y r a t e declined i n 1974-19/e, began t o increase i n 1977.
o Total f a t a l i t i e s and I n t e r s t a t e f a t a l i t i e s declined i n 1974-1975, began t o increase i n 1976.
o Total f a t a l i t i e s , f a t a l i t y rate, I n t e r s t a t e f a t a l i t i e s , I n t e r s t a t e f a t a l i t y rate, and I n t e r s t a t e i n j u r y r a t e e x h i b i t e d a substantial drop (greater than ten percent) i n 1974 from 1973 levels. The drop i n average speeds was approximately f i v e percent, f o r 85th p e r c e n t i l e speeds, i t was approximately 2 percent. Table 8 shows the d i s t r i b u t i o n of f a t a l i t i e s by highway systems f o r 1973-1977. I n 1974, the I n t e r s t a t e and Federal Aid Primary systems showed t h e largest percent decreases i n f a t a l i t i e s from t h e previous year. These systems would be where the 55 mph NMSL would have the most impact. For 1975, a l l systems except Federal Aid Secondary and Urban (FAS/U) cant inued decreases over the previous year. The increase i n f a t a l i t i e s f o r FAS/U could be a t t r i b u table i n p a r t t o the anticipated FHWA highway system realignment 171 which r e c l a s s i f i e d highways using functional c r i t e r i a (usage c h a r a c t e r i s t i c s ) instead o f administrative c r i t e r i a (funding c h a r a c t e r i s t i c s ) . The I n t e r s t a t e and Federal Aid Primary systems showed percent increases i n f a t a l i t i e s f o r bath 1976 and 1977. The largest percent increase i n f a t a l i t i e s i n 1977 was on the highway system almost exclusively 55 mph, i.e., the I n t e r s t a t e system w i t h a 17 percent increase. r a c h c e l l gives number o f f a t a l i t i e s and percent change from previous year. The d i s t r i b u t i o n s o f f a t a l i t i e s by highway system were analyzed using the chi square t e s t s t a t i s t i c 18/. The calculated chi square value w i t h 12 degrees o f freedom was 527.7.
Thexagnitude of the calculated value, which i s s t a t i s t ic a l l y significant, i s due i n part t o the magnitude o f the values i n the table. However, by observing the largest contributions t o the chi square value, i t can be seen where the greatest differences i n the f a t a l i t y d i s t r i b u t i o n s 1ie.
For the highway systems, the I n t e r s t a t e and FAS/U f a t a l i t i e s made the largest contributions t o the chi square s t a t i s t i c . This was due t o 1973 I n t e r s t a t e f a t a l i t i e s being much qreater than following years. The contribution from This comparison o f the f a t a l i t y d i s t r i b u t i o n s by highway system demonstrates t h a t beginning w i t h 1974 there was a considerable drop i n the f a t a l i t y level. I n addition, the greatest reductions i n f a t a l i t i e s for 1974 occurred on those highway systems which would be most inpacted by t h e 55 mph NMSL --the I n t e r s t a t e and other Federal Aid Primary Systems. Also, the increase i n f a t a l i t i e s i n 1977 i s most evident i n the change i n f a t a l i t i e s on t h e I n t e r s t a t e --again the highway system most impacted by the 55 mph NMSL and consequently most aff ec ten by increasi ng noncompl iance.
These c h a r a c t e r i s t i c s o f the f a t a l i t y d i s t r i b u t i o n s by highway system can be matched t o s i m i l a r behavior i n the various speed measures. These proportions were tested f o r year t o year differences using the parametric t e s t ( t t e s t ) f o r differences i n proportions 18/ and compared t o the normal d i s t r i b u t i o n c r i t i c a l value f o r 5% l e v e l o f s m i f i c a n c e . There was a s i g n i f icant difference i n the proportion o f States f o r FY 1976 vs. FY 1977 . No other differences were s i g n i f i c a n t . were also tested f o r year t o year differences a t 5% l e v e l o f significance.
There was a sign if i c a n t d i f f e r e n c e between t h e proportion of States w i t h 85th p e r c e n t i l e speeds o f less than 61.0 mph f o r FY 1978 vs. FY 1979 . No other differences were s i g n i f i c a n t . 85th P e r c e n t i l e Speed
D i s t r i b u t i o n of States
RangeFlph
Percent o f States less than 61.0 rnph 44% 1978, a larger number of States had compliance l e v e l s o f 50% o r lower. These proport ions were tested f o r year t o year differences. The difference i n the proportions f o r FY 1978 vs. FY 1979 was s i g n i f i c a n t a t t h e 5% l e v e l o f significance. During 1976 During -1978 , a large proportioq o f States experienced increases i n t h e i r dverage speed, 85th p e r c e n t i l e speed, f a t a l i t i e s , and f a t a l i t y rates. Table  12 shows those States w i t h increases f o r 1976-1978 ( f a t a l i t y r a t e data not a v a i l able f o r 1979). 85th P e r c e n t i l e Speed 9 27 14 F a t a l i t i e s 12 32 6 F a t a l i t y Rates 8 24 18
From [1976] [1977] [1978] 32 States' average speed increased, 27 States' 85th p e r c e n t i l e speed increased, 32 States' f a t a l i t i e s increased, and 24 States' f a t a l i t y r a t e increas.:?. Tables 13A-13D show those States t h a t experienced increases i n average speed and 85th p e r c e n t i l e speed w i t h increases i n f a t a l i t i e s and f a t a l i t y r a t e s f o r 1976-1978. I n Table 13A , 21 States experienced both an increase i n t h e i r average speed and an increase i n f a t a l i t i e s . I n Table 138 , 17 States experienced and increase i n a v e r a g e speed and the f a t a l i t y rate. I n Table 13C, 17 States had increases i n 85th p e r c e n t i l e speed and f a t a l i t i e s . I n Table 130 , 15 States had increases i n both 85th p e r c e n t i l e speed and the f a t a l i t y rate. From these observations of the d i s t r i b u t i o n s o f the speed measures for t h e States i t can be seen t h a t the increases i n average speed, percent exceeding 55 mph, and 85th p e r c e n t i l e speeds were concurrent w i t h increases i n f a t a l i t i e s . However, i t appears t h a t more States are i n t h e ranges o f 30% t o 49% compl iance, beginning w i t h FY 1977. There appears t o be a s h i f t downward i n compliance l e v e l s as evidenced by the larger compliance i n t e r v a l s (50% compliance and above) having fewer States. Tables 16A and 168 show those States t h a t experienced decreases i n percent compli ance and increases i n f a t a l it i e s l f a t a l it y r a t e s f o r 1976-1978. Twentytwo States t h a t experienced a decrease i n t h e compliance l e v e l (i .e., an increase i n the percent o f vehicles exceeding 55 mph) -also experienced an increase i n f a t a l i t i e s .
Seventeen States experienced a decrease i n the compliance l e v e l and an increase i n the f a t a l i t y r a t e 1976-1978. Therefore, t h e s h i f t downward i n h e States' compliance l e v e l s appears t o be associated w i t h increases i n f a t a l i t i e s and f a t a l i t y rates. 
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The analysis of the impact of the 55 mph NMSL has been conducted i n t h r e e phases. I n i t i a l l y , the global model was developed as a s t a r t i n g p o i n t t o assess the magnitude o f the e f f e c t o f the reduced speed l i m i t during 1974-1979. This pointed t o the following conclusions:
o The i n t r o d u c t i o n of safety improvements f o r the vehicle, d r i v e r and the environment has been generally e f f e c t i v e i n m a i n t a i n i n g the l e v e l o f f a t a l i t i e s , o f f s e t t i n g the expected increases due t o increased exposure (VMT). o D u r i n g t h e p e r i o d 1 9 7 6 -1 9 7 9 t h e r e w a s s i a n i f i c a n t upwardgrowth i n f a t a l i t i e s , as compared t o 1974-1975.
The second-phase o f the analysis was an i n v e s t i g a t i o n of what factors c o n t r i b u ted t o the increase i n f a t a l i t i e s i n 1977-1978. This l e d t o an analysis o f f a t a1 it i e s due t o speeding involvement by posted speed 1 i m it roads. From t h i s analysis, adjustments were made t o the evaluation model estimates, t o account f o r the e f f e c t o f noncompl iance. The reconci 1 i a t i on o f these f a c t o r s appears i n Table 17 . Table 17 represents the best estimate o f the 55 mph NVSL impact on the reduction i n f a t a l i t i e s .
I t should be remembered t h a t the adjustments made i n phase I 1 and r e f l e c t e d i n Table 17 are the r e s u l t of the analysis o f f a t a l i t i e s by speedina involvement and posted speed l i m i t from FARS. o The averagespeedand t h e 8 5 t h p e r c e n t i l e s p e e d , a f t e r reaching a low i n 1976 began t o r i s e i n 1977.
o From 1976 From -1978 States' average speed increased.
o From 1976 From -1978 States' 85th p e r c e n t i l e speed increased.
o From1976-1978 States experienced a decrease i n compliance l e v e l and -an increase i n f a t a l i t i e s .
The r e s u l t s o f the phase three m a l y s i s appear t o v a l i d a t e the model adjustments derived i n phase two.
